& frontiers

@ Check for updates

OPEN ACCESS

Jichun Yang,
Peking University, China

Benedetta Maria Motta,

University of Salerno, Italy

Zhengrui Li,

Shanghai Jiao Tong University, China

Hua He
hehua_sh@2lcn.com
Xiaoliang Wang
xiaoliangwang2018@163.com

These authors have contributed equally to this
work

22 February 2023
12 June 2023
29 June 2023

Wang G, Shen X, Wang Y, Lu H, He H and

Wang X (2023) Analysis of risk factors related to
nonalcoholic fatty liver disease: a retrospective
study based on 31,718 adult Chinese
individuals.

Front. Med. 10:1168499.

doi: 10.3389/fmed.2023.1168499

© 2023 Wang, Shen, Wang, Lu, He and Wang.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Medicine

Frontiers in Medicine

Original Research
29 June 2023
10.3389/fmed.2023.1168499

Analysis of risk factors related to
nonalcoholic fatty liver disease: a
retrospective study based on
31,718 adult Chinese individuals

Ganggang Wang'?!, Xiaowei Shen?', Yicun Wang?, Huanhua Lu?,
Hua He?* and Xiaoliang Wang'?*

!Department of Hepatobiliary Surgery, Pudong Hospital, Fudan University, Shanghai, China,
2Department of General Surgery, Qingpu Branch of Zhongshan Hospital, Fudan University, Shanghai,
China

Objective: Nonalcoholic fatty liver disease (NAFLD) is becoming increasingly
prevalent worldwide. This study guides the prevention and diagnosis of NAFLD by
analyzing its risk factors and the diagnostic value of each index for NAFLD.

Method: We collected the clinical information of adults individuals who
underwent physical examination in the Physical Examination Center of Qingpu
Branch of Zhongshan Hospital, Fudan University, from January 2016 to January
2020, including gender, age, body mass index (BMI), systolic blood pressure
(SBP), diastolic blood pressure (DBP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), direct bilirubin (DBIL), indirect
bilirubin (IBIL), fasting blood glucose (FBG), total cholesterol (TC), triglyceride (TG),
high-density lipoprotein (HDL), and low-density lipoprotein (LDL). We performed
logistic regression analysis and ROC diagnostic analysis.

Results: The results showed that age, BMI, SBP, ALT, AST, FBG, TBIL, TG, and LDL
were risk factors for NAFLD in adults, and HDL was a protective factor (all p-values
were less than 0.05). Among them, age, BMI, ALT, TG, and HDL had a predictive
value for the occurrence of NAFLD in the adults (AUC=0.708, 0.836, 0.767, 0.780,
and 0.732, respectively). The combination of age, BMI, ALT, TG, and HDL had a
diagnostic value for the occurrence of NAFLD (AUC=0.881).

Conclusion: Healthy people should pay attention to their BMI levels, manage
blood pressure, blood glucose, and lipid levels, and pay attention to changes in
ALT and AST index levels to prevent NAFLD. Age, BMI, ALT, TG, and HDL indexes
are helpful factors in the diagnosis of NAFLD.

NAFLD, risk factors, logistic regression, ROC diagnosis, prevention

1. Introduction

Non-alcoholic fatty liver disease (NAFLD), a chronic liver disease, affects approximately 1.7
billion people worldwide. The prevalence of NAFLD is estimated to be about 25% (1). In Asia,
China has the highest prevalence, morbidity, and annual mortality rates of NAFLD (2). NAFLD
is an umbrella term for a range of liver diseases that vary in damage severity and results in liver
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fibrosis, which mainly includes hepatic steatosis (NAFL) and
nonalcoholic steatohepatitis (NASH) (3).

NAFLD is a progressive disease characterized by the accumulation
of early liver fat (hepatic steatosis) and liver inflammation, promoting
the transition from benign steatosis to more advanced
NASH. Although the disease is reversible in its early stages, its
treatment becomes more complex in the advanced stages. If left
untreated, NASH may progress to cirrhosis, an irreversible disease
state characterized by scarring of the liver tissue that may lead to HCC
(4). The main causative factors closely associated with liver cancer are
hepatitis B and non-alcoholic fatty liver disease. In recent years, the
incidence of hepatitis B has gradually decreased owing to vaccines and
enhanced hygienic practices (5). However, the incidence of NAFLD
has increased to 15%, becoming the second most common liver
disease after viral hepatitis (6).

Given that the majority of patients with NAFLD are predominantly
asymptomatic, early diagnosis of NASH and accurate staging of
fibrosis risk are critical for better stratification, monitoring, and
targeted management of at-risk patients. To date, liver biopsy remains
the gold standard for the diagnosis of NASH and NAFLD staging.
However, its use is not widespread due to its invasive properties. In
this study, we analyzed the general information, biochemical indexes,
and risk factors associated with NAFLD and searched for significant,
relevant diagnostic indexes from physical examination data from a

population in Qingpu, Shanghai.

2. Materials and methods
2.1. General information

The study subjects underwent physical examination in the
Physical Examination Center of Qingpu Branch of Zhongshan
Hospital, Fudan University from January 2016 to January 2020.
We collected their physical examination data. The inclusion criteria
were patients diagnosed with fatty liver by B-ultrasound results, those
with complete physical examination information, and patients aged >
18years. The exclusion criteria are viral hepatitis, drug-induced
hepatitis, autoimmune liver disease, Wilson disease (hepatolenticular
degeneration), liver cirrhosis, liver cancer, severe malnutrition,
duct
cerebrovascular diseases, other metabolic or immune diseases,

infection, bile infection, severe cardiovascular and
cachexia and other malignant tumors, and long-term alcohol intake
exceeding the standard (male > 20g/d, female > 10g/d). Duplicate
samples were deleted.

The patients were divided into a NAFLD group and a non-NAFLD
(NO-NAFLD) group according to the criteria. Age, BMI, SBP, DBP,
ALT, AST, TBIL, DBIL, IBIL, FBG, TC, TG, HDL, and LDL indexes
were collected for comparison between the two groups. The diagnosis
of fatty liver is based on the 2010 criteria of the Chinese Medical
Association Society of Liver Diseases (6). Fatty liver can be diagnosed
by abdominal ultrasound examination with two or more of the
following abnormalities: (1) enhanced near-field echogenicity and
diminished far-field echogenicity of the liver; (2) echogenicity of the
liver parenchyma denser than that of the kidney parenchyma; and (3)
poorly visualized intrahepatic vascular and biliary structures. A
subsequent medical history review of patients with fatty liver was
performed, and we confirmed the diagnosis of NAFLD in patients
who satisfied the following criteria. (1) No history of alcohol
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consumption or alcohol consumption equivalent to less than 20 g of
ethanol per day and less than 10 g per day in women. (2) Excluding
viral hepatitis, drug-related liver disease, Wilson’s disease, total
parenteral nutrition, autoimmune liver disease, and other specific
diseases that can cause fatty liver. (3) Histological manifestations of
the liver meet the pathological diagnostic criteria of fatty liver disease.
This study was approved by the Ethics Committee of the Qingpu
Branch of Zhongshan Hospital, Fudan University.

2.2. Statistical analysis

Data were statistically analyzed using IBM SPSS 26.0 software, and
R software (version 3.6.3) was employed to visualize and graph the
results of independent factors. Descriptive information was expressed
as (xts) and analyzed via the independent samples t-test.
Comparisons of categorical information between groups were made
using the y? test. Data for skewed distributions were expressed as
medians and quartiles and compared using the Mann-Whitney U test.
When the results of the descriptive analysis were statistically different,
the factor was regressed by binary logistic regression. p<0.05 was
considered a statistically significant difference.

One-way logistic regression analysis was performed for the
indicators that had differences in the descriptive statistical results.
Multi-factor logistic regression analysis was performed for indicators
that differed from the one-way logistic regression analysis. Female was
used as the reference gender, and NO-NAFLD was used as a reference
for the rest of the indexes. After one-way logistic regression analysis,
age, SBP, DBP, BMI, ALT, AST, TBIL, IBIL, FBG, TC, TG, HDL, and
LDL indexes were subjected to multi-factor logistic regression analysis.

3. Results
3.1. Comparison of baseline information

A total of 31,718 physical examiners’ data were collected according
to the above criteria, including 15,628 males and 16,090 females. In
the 31,718-person sample, there were 16,968 patients with NAFLD
and 14,750 people without NAFLD. There were differences in age, SBP,
DBP, BMI, ALT, AST, TBIL, IBIL, FBG, TC, TG, HDL, and LDL
between the NAFLD group and NO-NAFLD group (Table 1; p<0.05).

3.2. Logistic regression analysis results

The final multi-factor logistic regression results showed that age,
SBP, DBP, BMI, ALT, TBIL, FBG, TG, and LDL may be risk factors for
the occurrence of NAFLD. AST, TC, and HDL may be protective
factors for adult patients with NAFLD (Table 2; Figure 1), which
indicated that obese and hypertensive patients were more likely to
have NAFLD in combination.

3.3. Diagnostic ROC analysis results
Diagnostic ROC analysis of age, SBP, DBP, BMI, ALT, AST, TBIL,

FBG, TC, TG, HDL, and LDL indicators showed an accuracy of
prediction for SBP (AUC=0.708, CI=0.702-0.714) with a cut-off
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TABLE 1 General information and biochemical detection indexes of the
two groups.

Characteristic NAFLD NO- X3/t p
NAFLD
Gender, 1 (%) 2127.844 0.658
Female 10,409 (32.8%) | 5,219 (16.5%)
Male 6,559 (20.7%) 9,531 (30.0%)

Age 5643+15.358 | 47.12£17.122 | 50.683 | 0.000
SBP/mmHg 136.79+£49.616 = 122.93£32.107 = 29.061  0.000
DBP/mmHg 83.640%£10798 = 77.130£13.005 | 48.061 | 0.000

BMI 2581242958 | 21.969+£2.783 | 119.128 | 0.000
ALT/(UL™) 28.550+24.454 | 16310£13.982 55588  0.000
AST/(U-L) 25010+13.723 | 20300£9.504 = 35932 0.000
TBIL/(jmol- L") 140235535 | 13.741£5408 4566  0.000
DBIL/(jmol L) 391841716 | 3915+1718 0166  0.868
IBIL/(jmol- L") 1010544227 9.827+4.057 5976 | 0.000
FBG/(mmol-L) 6.018+1.651 5310£1.063 | 45969 | 0.000
TC/(mmol-L™) 5.181£0.999 | 4.927+0.931 23376 | 0.000
TG/(mmol-L™) 2.433+2.065 131840944  63.140 | 0.000
HDL/(mmol-L™") 1.206+0.266 144640326 —71.079 | 0.000
LDL/(mmol-L™") 308240852 | 2.855+0.783 24750 | 0.000

The bolded text in the table indicates a significance level of p < 0.05.

value of 125.50. The prediction of BMI was accurate (AUC=0.836,
CI=0.832-0.841) with a cut-off value of 23.25. The prediction of ALT
was accurate (AUC=0.767, CI=0.761-0.772) with a cut-off value of
16.50. The prediction of TG was accurate (AUC=0.780, CI=0.775-
0.785) with a cut-off value of 1.385. HDL was predicted with accuracy
(AUC=0.723, CI=0.718-0.729) with a cut-off value of 1.315. The
accuracy of the predictive ability of the remaining indicators was poor
(Figure 2; Table 3). We performed a combined diagnostic ROC
analysis of SBP, BMI, ALT, TG, and HDL indicators with predictive
power, and the results showed that the combined analysis of these
indicators was accurate for the diagnosis of NAFLD (AUC=0.881,
CI=0.878-0.885), as shown in Figure 3.

4. Discussion

In this study, we analyzed the health data of 31,718 patients to
study the risk factors associated with the occurrence of
NAFLD. We found that age, SBP, DBP, BMI, ALT, TBIL, FBG, TG, and
LDL were risk factors for the occurrence of NAFLD and age, BMI,
ALT, TG, and HDL were valuable for diagnosing NAFLD. We also
performed a combined analysis of several indicators with an AUC area
above 0.7 and found that the combined five indicators of age, BMI,
ALT, TG, and HDL had diagnostic value for the diagnosis of NAFLD
(AUC=0.881).

Here we found age a risk factor for NAFLD development. The
results of multifactorial logistic regression analysis showed that the
risk of NAFLD increased by 2.9% for each year of age, which is
consistent with the results of several studies (7-11). The results of the
ROC analysis showed a cut-off value of 46.5 years, which suggests that
middle-aged and adults patients should be more aware of and prevent
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the occurrence of NAFLD. The liver’s structure and function change
considerably with aging, and many of the liver’s metabolic and
detoxifying active functions change over time, gradually disturbing
the body’s homeostasis and leading to functional decline (12). As a
result, the adults are more prone to diseases such as cancer,
cardiovascular disease, hypertension, diabetes, and hyperlipidemia
(13), which may be associated with the development of
NAFLD. Compared to younger individuals, older adults have lost
nearly one-third of their liver volume and blood perfusion, which may
adversely affect the regenerative capacity of their liver (14). In addition
to age-related lipid accumulation in non-adipose tissues (including
the liver), old age is associated with bone loss, decreased muscle mass
and function, and dysregulation of free radical scavenging systems,
which may lead to increased oxidative stress, all of which contribute
to the progression of NAFLD (15).

ALT is a common indicator of liver function. According to our
study, ALT was an independent risk factor for the development of
NAFLD (OR=1.059,95% CI: 1.054-1.063), which is consistent with
several other studies (16, 17), and ALT has a diagnostic value for
NAFLD (AUC=0.767) with a cut-off value of 16.5. However, the use
of ALT for the diagnosis of NAFLD is controversial because it is not
possible to determine the sequence of NAFLD occurrence and
abnormal ALT levels. Several studies have shown that NAFLD or
NASH is present in a subset of the population, despite normal
transaminases (18, 19). A recent study also pointed out that elevated
ALT, AST, and y-GT are not reliable markers of NASH or progressive
NAFLD. Likewise, serum concentrations of these factors within the
normal range do not exclude NAFLD. However, when NAFLD is
diagnosed by other methods, transaminase levels can still be used for
disease monitoring (20).

Our study also identified SBP, DBP, BMI, FBG, TG, and LDL as
risk factors for the development of NAFLD. Abnormalities in these
indicators corresponded to each of the components included in
METS. METS usually includes obesity, hyperglycemia, dyslipidemia,
and hypertension (21). Some studies have pointed out that METS is
the strongest risk factor for NAFLD and NASH (3). NAFLD and
METS may be mutually influential factors, especially in terms of
hyperglycemia and hypertension. METS not only increases the risk
of NAFLD, but NAFLD may enhance some features and
complications of METS. Therefore, the treatment of NAFLD may
improve METS. METS is also an important influencing factor for
adverse cardiovascular events and mortality in patients with NAFLD
(22, 23).

Obesity is a key factor in the development of NAFLD. In the
present study, we found that BMI was a risk factor (OR=1.413, 95%
CI: 1.395-1.431) and the best predictor (AUC=0.836) of NAFLD,
which is in accordance with several other studies (24, 25). Recent
studies have shown that obesity is strongly associated with NAFLD
and liver fibrosis (26). The prevailing theory regarding its causes is the
“spillover hypothesis;,” which points out that subcutaneous tissues have
a limited capacity to carry the size and number of adipocytes. When
excess fat leads to excess subcutaneous fat, lipids will accumulate in
other less adaptable tissues, especially the liver, leading to NAFLD
(27). In the long term, imbalance in lipid metabolism leads to the
excessive formation of toxic intermediates, which can lead to cellular
stress (i.e., oxidative stress and endoplasmic reticulum stress),
inflammatory vesicle activation, and apoptotic cell death, followed by
inflammation, tissue regeneration, and fibrosis (3).
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TABLE 2 Results of univariate and multivariate logistic regression analysis of indicators of differences between the two populations.

Characteristics

Univariate analysis

Odds ratio (95% Cl) P-value

Multivariate analysis

Odds ratio (95% CI) P-value

Age 1.035 (1.034-1.036) 0.000 1.029 (1.027-1.031) 0.000
SBP 1.039 (1.038-1.040) 0.000 1.001 (1.000-1.002) 0.013
DBP 1.055 (1.053-1.057) 0.000 1.007 (1.004-1.010) 0.000
BMI 1.642 (1.624-1.661) 0.000 1.413 (1.395-1.431) 0.000
ALT 1.08 (1.077-1.083) 0.000 1.059 (1.054-1.063) 0.000
AST 1.069 (1.066-1.073) 0.000 0.96 (0.954-0.966) 0.000
TBIL 1.009 (1.005-1.014) 0.000 1.019 (1.008-1.029) 0.001
IBIL 1.016 (1.011-1.022) 0.000 0.968 (0.934-1.003) 0.074
FBG 1.714 (1.669-1.759) 0.000 1.112 (1.084-1.141) 0.000
TC 1.316 (1.285-1.347) 0.000 0.528 (0.462-0.603) 0.000
TG 2.856 (2.764-2.952) 0.000 1.888 (1.782-2.000) 0.000
HDL 0.061 (0.056-0.066) 0.000 0.717 (0.594-0.866) 0.001
LDL 1.406 (1.368-1.446) 0.000 2.285 (1.992-2.620) 0.000
characteristic OR(95%Cl) P value
Age 1.029(1.027-1.031) . <0.001
SBP 1.001(1.000-1.002) + 0.013
DBP 1.007(1.004-1.010) + <0.001
BMI 1.413(1.395-1.431) E * <0.001
ALT 1.059(1.054-1.063) o <0.001
AST 0.96(0.954-0.966) - <0.001
TBIL 1.019(1.008-1.029) If 0.001
FBG 1.112(1.084-1.141) E L <0.001
TC 0.528(0.462-0.603) A E <0.001
TG 1.888(1.782-2.000) ! [ <0.001
HDL 0.717(0.594-0.866) —o— E 0.001
LDL 2.285(1.992-2.620) i —— <0.001
05 10 15 20 25
FIGURE 1
Forest plot of the difference indicators for multi-factor logistic regression analysis between the NAFLD and NO-NAFLD groups.

Dyslipidemia is also a risk factor for the development of
NAFLD. In this study, LDL was the strongest risk factor for
NAFLD. The risk of NAFLD increased 1.285 times for each unit
increase in LDL level. TG has diagnostic value for NAFLD by a ROC
analysis study (AUC=0.78). The pathogenesis of NAFLD is thought
to be related to hepatocellular fat accumulation and dysregulation of
fatty acid metabolism, leading to steatosis, as well as hepatocyte
inflammation and necrosis (28). In conclusion, lipid levels are closely
related to the development of NAFLD.

Among the characteristics of METS, hyperglycemia is most
clearly biologically linked to the progression of NAFLD, with up
to 75% of patients with type 2 diabetes suffering from
NAFLD. Patients with NAFLD who have diabetes also have a
higher prevalence of NASH and advanced fibrosis compared to
non-diabetic patients with NAFLD, and a higher likelihood of
liver injury, regardless of elevated blood transaminase levels
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(29-31). These studies all suggest that high glucose status is
strongly associated with the development of NAFLD, likely
because it promotes hepatic lipid accumulation, increased
lipotoxicity, liver injury, and inflammation.

Hypertension is one of the most common chronic diseases today,
and it has a close relationship with several diseases. This study found
hypertension as one of the risk factors for NAFLD. Approximately
50% of hypertensive patients have NAFLD (32), and NAFLD is
associated with changes in arterial stiffness, myocardial remodeling,
renal disease, and heart failure (33-35). In an Italian cohort study of
patients with NAFLD, those with hypertension had a higher risk of
liver fibrosis progression during a 6.2-year follow-up period (36). A
recent study (37) showed a higher prevalence of NAFLD in patients
with metabolic dysfunction, such as hyperglycemia, dyslipidemia, and
hypertension, with a prevalence of 38.5% in the hypertensive group
and 12.8% in the non-hypertensive group.
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FIGURE 2
ROC curves related to differential indicators for the NAFLD and NO-NAFLD groups by multifactorial logistic regression analysis. (A—=D) ROC curves of
different discriminatory indicators.

TABLE 3 Analysis of relevant parameters under the best cut-off value of each index of the ROC curve.

Cut-off Sensitivity Specificity Positive Negative Yoden index
predictive predictive
Age 465 0.550 0.719 0.630 0.648 0.269
SBP 125.500 0.610 0714 0.650 0.678 0.325
DBP 78.500 0.567 0.677 0.604 0.643 0.245
BMI 23.250 0.702 0.817 0.769 0.759 0.519
ALT 16.500 0.669 0.731 0.684 0.718 0.400
AST 19.500 0.558 0.681 0.604 0.640 0.240
TBIL 10.850 0.322 0.708 0.489 0.546 0.030
FBG 5.350 0.680 0.600 0.596 0.683 0.280
TC 4.995 0.565 0.559 0.527 0.596 0.123
TG 1.385 0.671 0.750 0.700 0.724 0.421
HDL 1315 0.627 0.708 0.652 0.686 0.336
LDL 2.985 0.597 0.538 0.529 0.605 0.135

In our study, two indicators, AST and TC, caught our attention. of other risk factors on these two indicators. Compared to other
stronger risk factors, the effects of AST and TC on NAFLD were

relatively weak, which is why the above two factors eventually became

The results of single-factor logistic regression analysis showed that
both indicators were risk factors for the occurrence of NAFLD, but
when accessing multi-factor logistic regression analysis, both became  protective factors after the multifactor logistic regression analysis

protective factors. We speculate that this may be due to the influence ~ was performed.
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FIGURE 3
SBP, BMI, ALT, TG, and HDL indicators for a combined diagnostic
ROC analysis curve.

In conclusion, we analyzed the medical examination information
of some residents in Qingpu, Shanghai, and the results showed that
the occurrence of NAFLD is closely related to age, METSs, and other
indices. Individuals should manage their BMI, blood glucose,
hypertension, and blood lipids, and monitor liver function indexes, to
prevent the occurrence of NAFLD.
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